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ABSTRACT
SEAWOLF Producibility initiatives
have been presented to past Shi

Production mposi uns.  The technica

content of t'hese papers was based on
wor k acconpl i shed during the SEAWOLF
Detail Design effort and articul ated
the point of view that the SEAWOLF
Producibility Program was an inportant

step in advanced shi [:\)/\lfroductl on. The
lead shiv of the SEAWOLF C ass started
construction in late 1989. The

opport uni t%/ now exists to validate a
nunber of the elements of the design
for production. ~ Electric Boat
Division, as Lead Shipbuilder, has the
opportunity to review a nunber of the
specific initiatives, such as Digital

Data Transfer, Sectional Construction
Dr aw ngs, Planning and Sequence
Documents, Conputer  Integration of

information processing and the
conbi nation of SEAWOLF products that
support inproved work control . The
met hod of approach is to describe the
SEAWOLF producibilitv el ement
devel oped during detail -design and
then assess the benefit to the
shi pbui | di ng process.

| NTRCDUCTI ON

~ The SEAWOLF Program has reached a
ivotal point inits history. During
he last 10 rmonths, the Detail Design
and Lead Ship Construction have becone

coincident, as Detail Design continues
and lead ship construction gets
underway. The Program has entered

perhaps its nmost active phase, and in

essence, the software products of the
design effort are being converted into
hardware at the Electric Boat Shipyard
in Goton, Connecticut.

~_The design products now being
tilized in Goton are different than
or previous subnarine designs. The
ifference is due to “advanced
echnol ogy being infused into the
ubmarine ~ design and construction
fort, and developed into design

u
f
d
t
s
effc

del i verabl es through what has becone
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known as the SFAWOLF Producibilit

program  Although the fina
guantll tative results of the
roducibility effort are still to be

determ ned, 'several of the features
have devel oped to the point where
their benefit can be eval uated.

The products of tw broad
efforts, the Digital Data Transfer
Program and the SEAWOLF Advanced
Pl anni n Program  have been
extensively utilized during the pre-
construction and early construction
phases of the lead ship contract. The
design deliverables from these two
gr.ograrrs that are provided to the
hi pyard are based on procedures and
agreenents that are enbedded in the
SEAWOLF Ship Specification and Detail
Design contracts. The inpact of these
del iverables on the construction
activity can now he evaluated with an
envi ronment in which ships are being
built using conventional design
products.

SEAWOLF  PRCDUCI BI LI TY

~ The SEAWOLF Producibility program
originated from the goal of greater
affordability in ship construction.
Shipyard nodernization prograns at
Newport News Shipbuilding and Electric
Boat Division provided the cy)portunlty
to chanqg t he phil osophy and products
of submarine design. The
Producibility Program was initiated
with construction as the primary
focus; however, it has becone
increasingly apparent the ost
delivery Iphase of the ship's life
cycle wll realize significant
bénefit. In fact, the logistics
community has already begun the effort
to utilize the digital information
available from the design to
initialize the logistics data base.

The SEAWOLF Producibility effort
was i naugurated prinmarily "because
conput er technol ogy and zone |OﬁIC
based construction had reached
sufficient maturity in the submarine



shipyards to facilitate a change in
design phil osophy.. Al'though™ the
principle of designing for production
was nothing new, the SEAWOLF Program
extended the logic beyond previous
experience in naval shi'p production
A nurmber of self evident assunptions
underlie the producibility effort.
Those particularly inportant to this
paper are:

0 Create data once and use it
many tines;

0 El ectronically transferred
data is superior to paper
product s:

0 Close inter-relation of the
design product to the

construction plan will yield

greater control over "both
processes; and

0 An electronic schedule
management tool has the

capability to sinmplify the
i mensely ™ conpl ex task of
building a ship

These assunptions could be supported
as intrinsically valid, but coul d
t hey be devel oped by the SEAWOLF
Program into design products that
ful 'y supported construction?

Design

‘The SEAWOLF ship sgemflcatlon
required the design to be conputer
based, electronically transferrable to
the two potential shipbuilders and to
utilize a product work breakdown
structure that supported submarine
zone (rmodul ar) construction.

In early 1987, the program noved
froma contract design conpetition
between El ectric Boat and Newport News

into dual design yard responsibility
for detail design. Part of the
transition process was to create the

organi zations that would formalize the
enbodi ment of the goals into wel

defined design products. The goal of
transferring digital products from
design yard to construction yard was
the task of the SEAWOLF Digital Data
Transfer Working G oups. e process
of structuring the design to support
modul ar construction was assigned to
Eﬁe SEAWOLF Producibility Steering

oup.

Transition to Construction

~The flow of information fr o
design to construction wll be
explored by reviewing the effort that
created the design product in

m
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question, noting the present design
status, if appropriate, and then
| ooking at the state of inplenentation
in the construction process. The
PFOdUCIbI|Ity process that devel oped

he form of "the design deliverables

has been previously docunented. For
clarity, however, “portions of those
will be re-presented.

gresentatlons _
he information concerning the design
status and construction_devel opnent
has been gathered at the Electric Boat
facilities in Goton and Quonset
Point, Rhode Island from whom the
aut hors determined to be the nost
know edgeabl e nmanagenent personne
available.  The construction managers
were asked to conpare the SEAWOLF
groduct with the parallel SSN688 or
RI DENT cl ass design deliverable and
change to their

conment on the

particul ar job.

DI G TAL DATA TRANSFER

~_ The first area of interest is the
Digital Data Transfer process. A
simlar capability had been devel oped
at  both design yards to conduct
transfers of various types of data to
the shipbuil ders. or lead ship
construction at Electric Boat there
are several additional steps in the
rocess for data received from Newport
ws for lead ship construction, such
as groce55|ng the data through the
|GES Translator. _ However, in nost
cases, the origin of the product
delivered to the ultinate user in the
construction yard is invisible.

DRAW NGS

The ability to exchange draw ngs
among the design and construction
yardS was  an “early goal of the
program which received a large share
of 'the attention and devel opnenta
resources. The initial assessment was
that an electronic exchange of
drawi ngs would provide ~ the
construction yard, and |later the
pl anning yard and naintenance
activities, with a conplete,
control | abl e and conputer usable set
of el ectronic draw ngs. The thrust
was to make the exchange virtual|
"perfect" w th each graphic detai
passing through the ‘translation
process in the exact formin which it
maiicreated in the originating design
yard.

Desian

The Initial Gaphics Exchange
Specification (I GES) was chosen for
data exchange since it was a

uni versally recogni zed standard and



avoi ded the restrictions of a direct
translator. However the |CES
standard, while a povverfu[ gui del i ne
for which most Conputer Aided Design
(CAD? vendors = have written
transfators, is primarily focused on
graphic details and does not deal in a
straight forward process with the
sophisticated enbedded intelligence
capabl e of being produced by many CAD
systens. Therefore, nuch work had to
be done to nodify, or "flavor," the
translators to all'ow clean exchange of
drawi ngs between Newport News and
El ectric Boat. Even now, with
consi derabl?/ enriched translators in
pl ace, developed in cooperation with
the CAD vendors, a few restrictions
nust be placed on the CAD user. These
restrictions reduce, to some extent,

the entire range of features available
to the designer in order to
acconmodate drawing transfer.

Neverthel ess, providing the draw ngs
are constructed in accordance with the
SEAWOLF Program devel oped procedures,

it is possible to consistently
exchange nearly perfect drawing files
bet ween shi pyards.

Drawi ng Exchange

~ This process has been used to a
limted extent during SEAWOLF design
and the early phase of construction.
Actual exchange is by specific
request, with the requestor paying for
the preparation, E}rocessmg and
mat eri al cost. heref ore, the
requestor selects to receive only the
drawi ngs for which nodifications at
the receiving site will be nade. It
is anticipated that drawings will be
el ectronically exchange bet ween
Design and Construction agents to
compl'ete Selected Record Drawings, as-
built drawi ngs and other shipbuilder
responsi bl e draw ngs. Al 't hough the
exchange of draw ngs between deS|[gn
ard and shipbuilder is presently
imted. it is anticipated that a
ma{ or exchange of electronic draw ng

data will occur to position the
drawi ngs for SEAWOL life-cycle
mai nt enance.

To verif%/ the SEAWOLF procedure
and attenpt fo extend the draw ngs
transfer to additional CAD systens, a
smal|l data transfer effort was
undertaken by Electric Boat, Newport
News and Genéral Electric (Information
Technol ogy Goup, Syracuse, New York).
A working group was established to
IGES transter drawings utilizing
SEAWOLF document ati on. The effort

| ast ed about six nmonths and was highly

successful in transferring a variety
of SEAWOLF drawi ngs.

PROCESSABLE DATA

Processable data is data element
based text information that is used in
design and construction in a varjety
of manners and locations. Thereforé,
it is data which is nmost valuable in
electronic database format, positioned
so that it can be accessed,
mani pul at ed and used for multiple
applications. Since the SEAWOLF is
being designed by two design yards, an
inportant goal has been to achieve
el ectroni ¢ "exchange of this type of
data so that the data can be "assenbl ed
in one location, the construction
site, in the nmost efficient and
effective form

Desi gn

. Since the tarrqet data in this
instance is textual, an early goal of
the SEAWOLF data exchange program was
to create a data dictionary, definin
the content and configuration of eac
data element which was a potential
exchange candidate. The next step was
to group data elements such as part
nunber, material type, etc. into
logical sets for exchange. These
lists, such as part nunber catal og and
the engineering parts list, becane the
targets for devel opment of exchange
proCedures. A variety of processable
data exchange categories have been
devel oEed and are supported by the
SEAWOLF Data Elenent Dictionary.
Principal data transfer reports are
listed in Figure 1.

Clearly, the nost inportant
target for data exchange Is material
information, represented by the Part
Nunber Catal og

1. ENG NEERING PARTS LI ST
2. PART NUMBER CATALOG
3. JO NI/ SURFACE | NDEX
4 ll\flAg_ll_ERl AL QUALITY ASSURANCE
5. STOMGE LOCATION LIST
6. SH P'S DRAWNG SCHEDULE
7. H G4 | MPACT SHOCK DATA
8. PROCUREMENT SUMVARY | NDEX
9. VEI GHT AND MOVENT DATA
10 LFEASD'II' OGRAPHI C SHOOTI NG SKETCH

FIGURE 1. PRINC PAL DATA TRANSFER
REPORTS



PNC) and the Engineering Parts List
EPL). Early enphasis was placed on
this exchange and has resulted in a
working syStem which consistently
ereow des material information from
Newport News which is |oaded djrectl
into and merged with the Electric Boa

data. simlar process is
acconpl i shed at Newport News wth
Electric Boat data.

Ot her areas of planned data
exchange are 1qO| n?, into production at
this tine, he Tirst tapes of non-
destructive test data, ~ containing
joint indices and material quality
assurance lists, for exanple, wll be
exchanged shortly. ~Procur enent
summary  indices, ~ provided by the
shi pbui'l der and cont ai ni nlg i nformation
on material order by Electric Boat

scheduling and status, have been nade

available ™ electronically to Newport
News. Mpst of the other data relates
to logistics and life cycle
mai ntenance and is not immediately
required for construction. Plans for

t hese exchanges are being conpl eted
and the data will nmove anong the
establ i shed | ogistics systems, such as
the lead design yard devel oped SEAWOLF
advanced integrated |ogistics support
system (SAILSS).

Processabl e Data Exchange

The concept

of electronic
exchange of data, particularly with
respect to material data, has been
wel [ received by both the design and
construction vyards. They = have
establishe good working
rel ationshi ps, and an excellent
approach through the devel opment of a
comon data dictionary, since it is
recogni zed by all parties that success

woul d be a win-win acconplishnent.
According to the shipbuilder,
recognizing that the EPL is

essentially the conplete definition of

the ship without the graphics, early
identification is inportant.
El ectronic exchange provides this
insight, particularly if material data
captured early in the desi %n
process and made "available. The
ability of the design agent to

concentrate on the capture of material

descri [p_ti on data and early
availability of this data, even it
prelimnary, 1is an essential feature

of a systematic |ead ship construction
process.

In addition to earlier

visibility, the electronic exchange of
Idata has™ af f orded ot her advant ages.
I

t has elinmnated tedious manual
oading of thousands of |ines of
information, Wi th the attendant | abor
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saving and reduction of errors. Also,

it maintains the responsibility for

accuracy W th the data originator,

rather” than transferring that

responsibility to the user upon when

manual Idy | oaded into his systens.
uc

This reduces data verification by the
user to an overall system check and
all ows problem correction at the
source, as it should be.

(ne area that requires additional
procedural developnent in the
processable data is the need to relate
various types of data (draw ng
schedule to material to joint list to
nmat eri al qualification, etc.).
Presently, separate tapes, each
containing one type of information,
are exchanged on "a regul ar (nonthly)
basis., Wile eventualTv all the data
can be tracked and |inked, several
exchange <cycles nmay be necessary
before all ‘of the data required to
support, say, a particular drawing is
avai | abl e. A potential inproved
system woul d establish and agree upon
a base "root" such as the draw n
schedule, and time the release of al
related data to the root release.

MCDEL DATA

The initial enphasis in the
SEAWOLF data exchange program was
laced on drawings and processable
ext. Model ~ exchange (Three
Di mensi onal (3D) CAD representation of
geonetry) was considered potenti al I%/
val uabl €,” but the perception was tha
this exchange would be nore
technically demanding. = The nodel
exchange ‘effort was initiated by
evaluating the different design and
constructiion disciplines fromthe

st andpoi nt  of UtI|ItT¥| in_ the
manuf acturing process.  The decision
was made to focus the initial effort

on structural and piping models, since

consi derable nunerical control
manuf acturing capability was resident
in both Shipyards. It was believed

success 'in these two areas woul d
advant ageous than parti al
di sci plines.

t hat
be nore
success in all

Desi gn

Al though much tinme was spent
deternmining the format, content and
procedures for model transfer, the
technical issues proved to be |ess
demanding than for the draw ng
transfer process. This is because the
aim of nodel transfer was to exchange
geonetry, rather than the subtleties
of text and enbedded intelligence.
Ceonmetry is what | GES was devel oped to
handl e, "and once agreenent was reached
on what to exchange, the "how' was



relatively straightforward. This was
particularly true for structure, for
which it was agreed to exchange wire
frame geonetry, grouped to define
i ndividual pi'ece parts, wth only
piece identification nunmbers bein
overlaid as added intelligence. A2
representation of a wire frame nodel
is shown in Figure 2. The devel opnent
of procedures to exchange piping was
somewhat more difficult in that both
shipyards wer e using piping design
systems devel oped in-house and
therefore each yard had to devel,o Cits
own | CGES translator.  In addition,
pi ping data transfer is nmore conpl ex
due to the need to include conplex
detail such as fitting valve and thl nt
design data. In fact, this efforf has
been so successful that the
met hodol ogy has been drafted into a

formal procedure (protocol) and
submitted to the conmittee that
oversees inprovenents to [IGES for

inclusion in the specification.

The status of the production
exchange of nodel data is that
procedures for structure and piping
data are conplete and tested.
Structural data has been flowng
through the system since late 1989,

and the initial packages of piping
data are beginning to appear. The
model exchange, by agreenent, is done

by transferrl_ngn_t he appropriate data
contained w thin a 'structural or

piping SCD, essentially in parallel
with the issue of the hard copy
drawi ng.

FI GURE 2.

WRE MODEL OF A SUBMARI NE
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The

f process in
transmittal

pl ace for
of structural nobdels to
the constructioragent, and their
subsequent  USes: ~For design work
being done at Electric Boat, the issue
of an SCD triggers an action in the
Engineering Data Support group to
collect the nodels from which the SCD
was created, activate specially
designed software that generates a
single nodel, stores the fodel in the
manuf acturing database, and informs
Construction Planning of the conpleted
action. For deS|qr:1 work being done at
Newport News, bot'h the nodel “geonetry
tapes and hard copy drawi ngs are
received by the SEAWOLF Engineerin

Configuration Management group a
Electric Boat. = The drawngs are
processed for distribution, and the
nodel tapes are forwarded to
Engi neering Data Support. This groug
rocesses the nodel through the | GE
ransl at or, stores | in the

manuf acturing data base and informs

construction planning of its
avail ability.

For ipingg the process is
?eneral Iy s?n?l a? except incom ng data
from Newport News is translated into
input for the Electric Boat piping
desi gn/ manuf acturing system After
being run through this system the
output in the form of both graphic
detail sheets and NC data is stored in

the manufacturing data base from which
it is retrieved on schedule demand by
the planning group for work package

preparation and by manufacturing for
nunerical ly
bendi ng.

control |l ed pipe detail

95440},

L0080,

L R
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4

>, 258
{7 ol
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Dat a_Exchange

As a result of the data exchange
processes devel oped for SEAWDLF, the
met hodol ogy for preparing steel parts
for cutting, the traditional "lofting"
function is changing significantly.

Wth
traditi ocrj1al ;
aper rawmng o c
gt Puctural conmponent, piece-narked and
di nensi oned to define Individual piece
parts. The loftsman deduced the shape
of each part from the assenbl ed views
shown and the explicit and inplicit
di mensi onal data. From ot her
information provided, such as weld
requirements, orientation, thickness,
and shipyard construction experience

Model

previ ous designs the
design deliverable was a
an assenbl ed

and preferences, he determined the
addi tional manufacturing details such
as kerf, bevel, expansion and extra
st ock. When all of this data was

accurmul ated he wote the "progrant
which created an electronic
description of the geonetry and
ul ti rratelg drove the numerically
control l ed burning equipment that cut
the pieces.

SEAWOLF construction, t
data provided to the constructi
agent is of two fornms: an SCD with
chapter showi ng and di mensioning t
true design shape of each steel piece
as well as chapters show ndg assenbl ed
and installed views and dinensions,
and a full scale electronic wire nodel
of the structure with each piece
identified as a separate 3D entity.

For

The availability of this data

changes the procéss for part
preparation.- w a part
pl anner/ anal vst studies the individual

part geometry as well as its context
In the assenbly and installation shown
in the various SCD chapters. He then
sinply annotates the part draw nP with
the required manufacturing details and
passes it to a part programrer. The
part programrer, skilled in
mani pul ati n% geonetry on a CAD system
call's up the design geonetry of the
i ndi vidual part fromthe electronic
nodel provided and adds the
manufacturing details. At that point,
the numerical control prograns are
automatically generated for eventual
incorporation” into a plate nest of
many parts for cutting. A series of
conputer graphic plots of this process
are shown in Figure 3.

Thi s new process, currently bein
enpl oyed in SEAWOLF construction a
Electiic Boat, results in several
significant Inprovenents over the
traditional nethods. = First, the
availability of individual part as
well as assénmbly data in the drawi ng,
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along with the actual electronjc
model, allows a division of labor in
part preparation which was not
practical before. The analyst nust be
an individual wth substantial
construction and construction planni ng
experience, but he need not be skille
in part progranmng, since the part

geonetry is already defined and
el ectronically available. Sinmlarly,
the part programrer need not possess

the skills of analyst, since he is
only required to nodify the existing

georret_ry based on fthe analyst's
irection.
The division of skill nix allows

more flexibility and ease of staffing.
Wrker's skills and job assignment are
more easily matched-and optinized to
maxi mum ef fi ci ency. Desi gn geonetry
need not be recreated, or even
checked, since it |smﬁ,row ded in the
sane model form from whi ch the draw ng
was created. This reduces
transcription interpretation
errors.

and

This last point highlights an
even nore inportant difference than
art lpreparatlon | abor savi ng. Wth
he ol d method, the loftsman had to
re-create the geometr?/ devel oped by
the designer in order fo provide data
for part” cutting. In essence, this
transferred Tresponsibility = for
?eometrl c .accuracy from the designer
o the buil der. For SEAWOLF, with
part geonmetry being provided
el ectronically the designer,
responsi bility for geonetry remains
with the design agent. This inportant
cultural change nust be equally
realized by both designer and builder:
The designer nust be sensitive to
produci ng 100% accurate geometry, not
{.ust a picture with reasonable
i keness. The buil der nust resist
maki ng geonetric changes that could
alter the design intent. |nstead, he
is obligated to feed geonetric change
data back to the designer for nodel
correction.

At Electric Boat, these processes
have been enployed since the start of
SEAWOLF Construction in Cctober 1989.
At the time of this witing only a

smal | Eercent age of the total steel
parts have been processed, many of
which are large structural ‘Thull
pieces. Therefore, definitive process

i mprovenent and cost saving paraneters
cannot yet be quantified.” = However,
certain” trends are beginning to
ener ge.

The Steel Process Goup reports
that less time is nowrequired to
process parts than with traditional
met hods, ‘although this saving is nore
evident with conplex parts than with
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FI GURE 3.

sinple shapes. Also, they have been
able to staff up more easily due to
the skill separation noted abdve. The
group reports that it is not necessary
to validate design geonetry: and they
rely totally on what is provided in
the el ectroni c nodel . Eval uation to
date does not indicate any problens in
manuf acture or assenbly due to
geonetric errors in the nodels.

additional advantage is the ability to
use the nodel geonetry and avail abl e
CAD software to expand shaped parts to
flat cutting patterns w thout nanual
lofting, and the ablllt?/ to create
roll tenpl at es directly from the
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NESTED PARTS

SEAWOLF

AFT TRIM TANK

FIRST NESTED MANUFACTURING PARTS [SEPT 1989]

PRODUCED BY A JOINT EFFORT OF DESIGR AND MANUFACTURING
USING THE NEW SECTIONAL GONSTRUGCTION DRAWINGS AND ELECTRONICALLY
GENERATED MODEL DATA.

GRAPHI C PLOTS OF THE COVPUTER LOFTI NG AND NESTI NG

electronic nodel.  Qther advantages
noted are the ability to easily
produce electronically generated

sket ches of arts annotated with
manuf acturing data such as bevel and
r oot ngap. ese are provided to the
assenbly trades as supplenents to the
assembly views of the SCD s, .prom)tlng
better visualization of the fit-up an

wel di ng requirenents. To quote one

steel ~processing supervisor: "The
difference in methodology is like
night and day. We still don't know

alT of the advantages to be realized
as a result of the availability of the
el ectronic nodel ".



FUTURE DATA EXCHANGE ACTIVITI ES

~The initial data exchange
activities have matured to success
over the last three years. It has
become apparent to both Design and
Construction nmanagement that val ue
could be added to the SEAWOLF Program
by expanding data transfer into ofher
disciplines.” A study of future data
exchange possibilities was conducted.

The areas of overall greatest
potential were Heating, Ventilation
and Air Conditioning (gH\/AC) Duct wor k
and FElectrical = Wreways due to
existing facilities that would
i medi ately benefit from the receipt
of digital 'data. Both of these areas
coul d be approached in a two phase
devel opment’ ~ that pernmitted early

results followed by a nore conplete
and richer procedure.

For HVAC, both shipyards have
agreed to use the sane procedures to
devel op nost of the ductwork froma
series of standard parametric shapes.
Using these shapes, sof t war e
automatically generates the flat
atterns for “manufacture.  Therefore,
o achieve immediate aid in
rmnufacturln? the first phase will be
to exchange the size paraneters of the
standard™ shapes, which can be
processed by the manufacturer
directly. _In the followon phase, the
approach will be expanded to e_xchanﬂe
conpl ete model geometry from which the
reci pient can éxtract the paraneters
as needed for manufacture. This
procedure will be particularly useful
for _an sheet 'metal structure,
espemale those conposed of non-
standard shapes.

For electrical wreways, t
primary data requirenment is associat
h cable routing. hat is, t
.tllné} of cable through t
i ndi vidual wireway hangers of t
ship. . The transfer of the cab
r in i nformation, essential |
textual data in a tabular format,
would be the first phase of effort.
The second phase will expand the
rocedure to I1nclude 3D model data of
he wireway and associated hangers.

each

o
c
—

A third new data exchange medi um
recently began in the area of critica
path network scheduling data. ~ Both
shi pyards and the Navy are using the
sane’ network scheduling system A
| ogi cal extension of data exchange was
to transfer each other's data so that
all parties had conplete planning
networks available in native tormat to

rovide the user maxi numutility of
he sof tware. The primry focus of
t he procedure devel opment was to
coordinate data element similarity and
ensure network detailing ~ was
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conpati bl e. The conpletion of this
effort has facilitated the future
gransfer of scheduling data from
esi

%n \/A%r_d to_shipbuil dér, extending
the SEAWOLF phil osophy of maxim zing
Cﬁnstructl on planning in the design
phase.

CONSTRUCTI ON' PLANNI NG

.. The second producibilit
initiative, explored is that o
construction planning. The
traditional task of the various
pl anni ng, groups was to assenbl e design
information, primarily draw ngs, and

create the work packages, schedul es
and ot her inforrratpi on rgequi r.ecf by t%e
trades to construct the ship. The
tools of the shipyard planner have
changed from a nunber of separate
bodies of data that were entirely
Paper based to conputer data bases
that have the capability to be
interrelated.

The design deliverables to the
construction yard are dranmatically
different than those received from
previous submarine efforts. The
conventional  "class" (fystem based
drawi ng has been replaced "by the zone
based Sectional Construction Draw n
(SCD). In addition, detaile
schedul es are provided in the form of
pl anni ng and sequence documents. As
related earlier in the digital data
transfer section, construction
pl anni ng has been approached in a
sinmlar manner. A description of the
design products is re-presented bel ow
from previous efforts and the utility
of the new product is recounted from
di scussions with construction

management  personnel .
SEAWOLF Dr awi ngs

A special effort of the SEAWOLF
Producibility initiative was the
redefinition of the types, formats and
| evel s of detail of WOLF dr awi ngs.
This redefinition was required to
fulfill the goals of inproving the
utility of ‘“construction draw ngs,

suPport_l ng zone construction and
reflecting the results of the planning
effort conducted durlngfq,detall desi gn.
The SEAWOLF ship specification defjnes
three types of construction draw ngs

to be “created during the design
process:

1. Configuration:

2. Sectional Construction; and

3. Ship Support.



~ Configuration draw ngs are system
oriented drawings that are required to
create the design data base. Most
configuration =~ drawings require
approval from government agencies such
as NAVSEA or the cogni zant Supervi sor
of  Shi pbui | di ng. The format of the
configuration ~drawings has changed
little fromthe "class" draw ngs that
are comon to previous ship designs.
The level of detail is reduced in some
drawi ngs, since any detail not
required for approval, but was
previously added only for
construction,” does not appear” on the
configuration draw ng. CD s are a
translation of the same data base used
to develop the configuration draw ngs,
reconfigured to_support zone oriented
construction, The intent of the SCD
is to provide the shipbuilder with all
the information needed to construct
the ship in the nost useful fornmat
possi bl e. A detailed review of the
SCD and its role in SEAWLF
construction is provided later. Ship
support drawi ngs will be used in the
lite cycle support of the SEAWOLF and
are conposed of configuration and
SCD's; and an additional group of
drawings created for life cycle
support such as docking draw ngs,
eqwgment removal flow path draw ngs
and Sel ected Record Drawi ngs.

Sectional Construction Draw ngs

_ The SEAWOLF ship specification
defined the purpose of an SCD, but it
was left to the Producibility Steerin
Goup to structure this new type o

dr awi ng. The goals in creating the
S wvere:
1 Support zone oriented

constructi on:
2. Create logical work packages;

3. Insure. the drawi ng could
stgnd alone in the work place;
an

4. Reduce additional planning by
the shi pbui | der.

Supporting the construction
schene’ through the SCDs was
acconpl i shed by "equating each draw ng
to an interim product, whether that
product is_a small itemor a Iarﬁe
module.  The SCD starts with the
definition of the interim product and
then works through the nmaterial and
rocesses that create that product.
n the case of an item/level product,
such as a foundation or a package of
ipe, the SCD starts with a raw
Pmterj al parts |ist, consunes the
material in manufacturing processes,
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prepares the item for joini n? With
other products and may install the
item on the next higher level if
apProprlate. ~ A nodul e SCD woul d start
wth previously assembled interim
products, such as items, and sub-
modul es and then work through the
required sequence to assenble the
module.  An illustration of the work
breakdown structure and interim
products is shown in Figure 4.

In order to identify the interim
Froducts and provide an easy to use
i nkage for the SCD work el ements, a
system to "intelligently" nunber the
SCD's. was created. ~Sincé constructing
an interim product is in nost
instances a nulti-step endeavor, the
creation of an interim product can be
divided into steps that logically
define the process. Figure 5 shows
t he phaPt er expansion of “an SCD t hat
fabricates and assenbles a package o
pipe. . The numbering of the chapters
Is uniform for exanple chapter 04
always assembles structural piece
parts and chapter 34 always assenbl es
pi ping piece parts.

The SCD Chapter is structured so
that it can stand alone as a work
package wth nmininmal additional
docunmentation.  If gp design
reference provides Infornation
actually required for manufacture,
then the information from that
reference is included in the SCD. The
chapter can also stand alone fromthe
overal | draw n?, in that it can be
detached from the SCD and sent to the
work center that requires the
i nformation.

The conplexity of nuclear
subnarines has increased dramaticall
over, the years and SEAWOLF wil
continue that trend. The SCD provides
t he shipbuilder a tool to handle the
conpl exity by presenting detailed yet
sinplified views of at is to be
bui I't, without extraneous information.
The SCD presents the construction

lanner with the logical work packages

hat reduce the need for detailed
advanced planning. The work breakdown
or “"granularity" of the work units has
been  refined” to the point that
resource accountability can becone a
reality. The conpletion by a shop of
a drawi ng chapter indicates that a
product has been built, or a specific
val ue added, such _as sandblast and
aint of a unit. The shortened work

imefrane and inprovement in the
ability to equate work package scope
to ph¥5|cal progress brings a better
tool fo the construction process. The
SCD achieves the goals that are
detailed in the ship Specification and
is a neasurable achievenent in
advanced ship production.
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section level evolves a |ogical
sequence of assenbly above the sco
Level. As the designis iterated and
the design spiral tightens, the
assenbly sequence becomes a paraneter
affecting design decisions. To assist
designers in understandlng t he
construction process, know edgeabl e
construction planners have "~ been
brought into the SEAWOLF detail design
effort. One of their

tasks is to

SECTIONAL
CONSTRUCTION
DRAWING

Tl Wor FAlg
DAPNNC02630

CRITRL QAT
1420007600

PINE ASSURIFS

DA200002634
aS°TreLy O FIAIUE|
04200002638
TURE
04200002638
1HS TALLAT TON]
04200002639

PIPING PACKAGE.
* PACKAGE MO, 26
«PART Of MOCULE HO.2
*LOCAIFD In IRl SECTION MO.4

FI GQURE 5.

7A-2-10

: / SECTION
PACKAGE

SEAWOLF PRODUCT STRUCTURE

COVER SnT, | 1

SCD D4200002634
PIPE ASSEMBLY

©

SUB-MODULE

©

ITEM \

arrange the fabrication and assenb
of interimproducts into a schene tha
fits into the facilities and practice
of submarine shipbuilders. The
lanning group utilizes a conputer
ased critical path software to |ay
out the logic of SEAWOLF assenbly.
Al'l the scos necessary to produce an
interim product at the nodul e or
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docunments and are the foundation for
creating additional schedule related
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FI GURE 7.

product s. An exanmpl e of a snall
portion of a sequence docunent is
illustrated in Figure 6. The first
derivative product is created by the
addition of ‘an estimated time frame to
each event of the sequence network,
yielding the "planning" document. The
utility of the planning document is
the ability to capture infornation
necessary 'to work out a finite
construction period and allow critical
path analysis of the nom nal
construction plan. The conpani on
pl anni ng docunent to the sequence
docunent_ in Flggre 6 is depicted in
Figure 7 ndensation of each
pl anni ng/ sequence network into a
single éevent becomes the basis of the
Master Construction Schedule (MS).
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SEAWOLF PLANNI NG DOCUMENT

Figure 8 illustrates the evolution of
an MCS activity from the planning and
sequence docunénts.  Since the IS
roduced from a "bottomup" approach,

ased on a product by ﬁroduct
evaluation, it is a valid scheduling
tool that is available at the outsef
of construction. Fromthe MS, other
data bases, such as the drawing issue
and material ordering schedules, are
linked in order to achieve an
integrated construction plan. The
products needed by the shipbuilder, in

accordance with the Master
Construction Schedule becone the
driving force in meeting design issue
schedules that support lead ship

construction.



MASTER
CONSTRUCTION

FI GURE 8.

SCHEDULE

PLANNING AND
SEQUENCING
DOCUMENTS

SECTIONAL

\ CONSTRUCTION

DRAWING WITH

ENGINEERING
PARTS LIST

RELATI ONSH P OF SECTI ONAL CONSTRUCTI ON DRAW NG TO

PLANNI NG anp SEQUENCE DOCUMENTS TO MASTER CONSTRUCTI ON SCHEDULE

SHI PBUI LDER PLANNI NG

The inclusion
structure planni n% in the SEAWOLF
design contracts, the availability of
the SCD's and the use of conputerized
network planning tools are generating
significant inpact in the preparations
for construction, according to
Electric Boat planners.

The SEAWOLF design_ contract
requires that pl anning for
construction be integral with detail
design and that the scb'sb e
configured to follow the construction
sequence. Electric Boat planners sa
that this results in the evaluation o

of product

the construction sequence "two or
three tines" before final preparation
of the deliverable drawings and
sequence documents, This, in turn,
provides a running start in the
pl anni ng of shipyard specific work
packages, providing nore insight, at

an earlier point intime, into the
total ship construction requirenents.
Furthernore, the finer detail in the
product structure provided by the
design agents allows nore accurate,
detailed and ti malg forecasting than
has ever been possible before.

This conprehensive and detailed
pre-planning paves the way for
devel opment of shi ﬂyard wor k packages
and schedules with far shorter work
scope time spans and nore specific
requirenents than was possible with
conventional ly ;Igrlepar_ed desi gn
docunent ati on. his in turn is
leading to better, earlier visibility
of material and manpower requirenents,
nmore precise tracking of progress, and
better problem feedback, wth nore
r api dlé/ applied corrective action.
The Electric Boat planners are
convinced that there will be no nore
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"three ‘ear , 43000 hour work
authorizations' for which we are
expected to track progress, nonitor
cost, and_ react to problenms and
changes. Wth a two-week work scope,
you can nonitor and identify potenti al
roblens and react beforé they can
low up."

VWile it is acknow edged that not

all operations may require SCD's (such
as for valves, liners, standard and
smal | parts, etc.), they are val ued as
the prinar "building bl ocks" for
devel opnent of construction work
packages.. In particular, the
construction planners stress the
expect ed val ue of higher level SCD s

whi ch define assenbly and installation
requirements for large nodules.  They
see these as providing invaluableée
infornmation and graphic aids to the
assenbly trades. ~So valuable are the
SCD s ‘perceived to be, that the
construction planners have said the
would "go crazy" if forced to rever
to conventional = draw ngs.

Product structuring and the of
conputerized networking tools have
made the construction ﬁl anner's job
easier. Furthernore, they facilitate
more precise and tinely status
reporting to nanagenent. The real
wor | d of “shipbuilding will undoubtedly
cause the planning roup to
accomodate a variety of problem
scenarios.  The planners wll devel op
deviations and work arounds to the
optinmum class product structuring and
construction sequence to maintain the
ship construction schedul e. Keepi ng
track of the |ead ShIJ) net wor ks, ile
still maintaining and relating to the
class baseline will prove to be a
challenging task. Also, as nore and
nmore defail is added to the networks,

there is concern that a point may be



reached beyond which they are
unmanageable.”  Only experience wll
provide solutions to these problens.

~Other advantages which have been
realized or anticipated as a result of
this new dinension in construction
pl anni ng include | ong range manpower
forecasting, more precise and conplete
inpact analysis of future changes, and
better cost return data for future
construction proposals. However, in
t he words of the Manager of Advanced
Planning, "W've only started, we have
yet to determne all of the benefits
of these new systens."

CONCLUSI ON
. The SEAWOLF program has
introduced significant changes in

met hodol ogy and deliverables into the
design process. The benefits of these
changes are now being realized in
construction of the |ead ship. The
early returns indicate a |arge neasure
of “success in application to
construction. ~ Digital data exchange
is providing nore accurate
information, in many cases at an
earlier tine. Also, ” less effort is
required to prepare it for direct use
in  construction. The SCD's and
Planning and Sequence Docunents
provi de the ShIJ)bUI I'der with product-
structured and planned infornmation
which sinplify his task of
construction planning. Tangi bl e and
positive evidence of _these
| mprovenents can be seen at Electric
Boat as the pace of SEAWOLF
construction accel erates.

~ These positive results were not
achi eved easily, however. They have
requi red substantial cultural thange
in the design force; reorganization
and process change and the absorption
of ‘increased work |oad and
responsibility for the Design Yards.
These challenges are being nmet and the
payoff is being realized.

FUTURE AREAS OF REVIEW

The changes inplenented in the
SEAWOLF program have not only
generated successes, they have al so
Shown potential avenues for additional
i mprovenents to the design and
construction process. For exanple, the
success of data exchange indicates the
need to expand its horizon in future
prograns. Ext ensi on of the exchange
to enconpass all graphic data, and the
closer linking of graphic and business
data through™ efforts such as PDES,
Navy Industry Digital Data Exchange
Steering Committee (N DDESC), |IGES
and CALS, should be actively pursued.
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The SEAWOLF experience shows that it
need not be an "all or nothing"
solution.  That ~ data exchange can
be inplemented incrementally and
selectively, in manageabl e groupings,
and still  achieve large neasures of
i nprovenent .

is,

Li kewi se, we must continue to
seek ways to inprove the nethodol o%y
for providing design disclosure to the

Shipbuilder. © The SCD is a mmjor step

in providing the information in a form
convenient to the builder rather than
to the designer. But it need not sto

there.  Wth the ever increasing |eve

of conputerized design and data
management capability, it may be
B055|ble to deliver thé data required
v the shipbuilder totallv in
electronic form and elimnate the
paper drawing as we know it.  This
woul d providethe ultimte flexibilit

for preparation of shipyard wor
packages by allow ng the cofstruction
pl anner to select the relevant data
and graphic views exactly suited to
his construction nethodol ogy from the
design data bases.
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